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(54) Htle: FAST MOISTURE CURING AND UV-MOISTURE DUAL CURING COMPOSITIONS 



(57) J^bstract: The invention provides fast moisture and photo/moisture curing silicone compositions and methods for the prepara- 



tion thereof. More particularly, the compositions provided are prepared from silanol and silane cappers; the cappers have an a-carbon 
bonded to the silicon atom allowing for a favorable hypervalent silicon transition state when reacting the silane and silanol. This fa- 
vorable transition state enables both a fast endcapping reaction and contributes to the fast moisture curing properties of the inventive 
compositions. 
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FAST MOISTURE CURING AND UV-MOISTURE DUAL CURING 

COMPOSITIONS 



FIELD OF TITF TNVF.NTf m>r 



[0001] 



The invention provides fast moisture and photo/moisture curing silicone 



compositions and methods for the preparation thereof More particularly, the compositions 
provided are prepared from silanol and silane cappers; the cappers have an a-carbon bonded to 
the silicon atom allowing for a favorable hypervalent silicon transition state when reacting the 
silane and silaiioL This favorable transition state enables both a fast endcapping reaction and 
contributes to the fast moisture curing properties of the inventive compositions. 



economical to prepare as well as useful in a variety of industrial applications has lead to many 
developments for such compositions in recent years (e.g. US Pat. Nos. 4,528,081; 4,699,802; 
4,675,346 assigned to H^el Loctite Corporation and 5,405,888; 5,409,963; 5,489, 622; 
5,384,340, 5,340,847 assigned to Three Bond Co. Ltd.). Notably, Chu (Chu, H.K., in Silicones 
and Silicone-Modified Materials, e d. Clarson, etal., American Chemical Society, Washington 
DC, 2000, ppl70-179) has reported fliat silanol terminated polydimetfaylsiloxane (PDMS) can be 
readily endcapped with acryloxymethyldimethylacryloxysilane by simply mixing this silane with 
silanol terminated PDMS. The reaction is generally complete within seconds after mixing as 
evidenced by the transformation of the clear silanol fluid into a cloudy mixture due to the low 
solubility of the liberated acrylic acid in silicone. Removal of acrylic acid by vacuum stripping, 
if needed, yields the clear acrylate endcapped polydimethylsiloxane. Addition of a 
photoinitiator, fillers and other types of additives common to RTV silicones results in photo (i.e. 
ultraviolet or "UV") curable silicones. 



BRIEF DESCRIPTION OF RELATED TECHNOLOGY 



[0002] 



The quest for fast curing silicone compositions that are both simple and 



[0003] The ease of this reaction was reported by Chu as being unexpected. In 

condensation reactions of acetoxysilanes with silanol, the reactivity of these silanes has been 
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reported to be directly proportional to the number of acetoxy groups attached to silicon, 
presumably due to the electron withdrawing capability of the acetoxy groups that renders the 
silanes with more acetoxy groups more amenable to nucleophilic substitution. Thus, 
condensation with silanol takes place instantaneously with tetra-or triacetoxysilanes, but is orders 
of ms^tude slower for diacetoxy-or monacetoxysilanes. Thus, 

acryloxymelhyldimethylacryloxysilane, with only one acryloxy groiq> directly attached to 
silicon, was reportedly expected to likewise react with silanol very slowly. 

[0004] A reported explanation for the ease of this endc^ping reaction was attributed to a 

hypervalent transition state (see Chu, above). Several similar silanes with a carbonyl group y- to 
silicon have been shown to possess pentacoordinate silicon structures with an intramolecular 
coordinate Si ^ 0=C bond. High reactivities of many such hypervalent silicon compoimds have 
been observed and are attributed to the hypervalency of these silanes (see Chu, above). 
Although acryloxymethyldimeihylacryloxysilane has been reported to be tetracoordinate, rather 
than exhibiting pentacoordinate hypervalency, the high reactivity between this silane and silanol 
has been attributed to the anchimeric assistance of the acryloxymethyl group on the leaving 
acryloxy group during endcapping of the silanoL A hexacoordinate hypervalent transition state 
(resulting from the intramolecular coordinate from both the Si ^ OC bond and the O bond 
from the silanol) has been proposed to be responsible for tiie ease of the reaction (see Chu, pi^e 
178) and the proposed structure below: 




[0005] Although as described above, photocurable silicon compositions have been 

developed using cappers such as acryloxymethyldimethylacryloxysilane that allow for a 
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favorable silicon transition state resulting in fast endcapping reactions, compositions derived 
from such cappers that will result in moisture or dual (UV/moisture) curing silicone 
compositions are needed. 

[0006] Furthermore, there is a need for faster curing moisture curable compositions. As 

is well known in the art, many moisture-curing silicone systems provide good physical properties 
and performance when fully cured, but they suffer from the disadvantage of slow cure. Bauer et 
al C*NCO-Silane Terminated Copolymers wifii Tunable Curing Rates", Munich, 2001, 1^ 
European Silicon Days) have reported, however, that polymers derived from isocyanatomethyl- 
alkoxysilanes (i.e. those silanes having an a^-carbon bonded to the silicon atom) and 
aminoalkyl/silicones result in an extremely enhanced curing rate, putatively due to the 
hypervalent transition state that occurs during curing (i.e. cross-linking of reactive silicones) 
when exposed to ambient conditions. However the isocyanatosilanes used to create these 
polymers may be of concern due to the undesirable toxicological effects of isocyanates in 
general. 

[0007] Hence, there is a need in the art for photo/moisture curable and moisture curable 

compositions having fast moisture curing properties that can be prepared by shnple, safe and 
economical methods and also allow for fast endcapping reactions 

SUMMARY OF THE PfVENTION 

[0008] The invention provides compositions ccq>able of frist moisture cure. The 

compositions, v^ch include both hydrolyzable functional silanes and silanols may be 
exclusively moisture curing or dual (photo/moisture) curing. The silanes contain a smgle carbon 
linkage between tihe siUcon atom and, for example, an acetyl or methacryloyl group (see 
structuie I below). This linkage provides for the formation of a favorable hypervalent silicon 
transition state, allowing fast nucleophilic substitution on siUcon during endcapping and curing 
reactions. 

[0009] More particularly, the invention provides a composition including: 

a) a compound having the structural formula: 



3 
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O 



R— i!:-x— c— si(R?)3 



wherein R is a Ci-20 alkyl which may be substituted or unsubstituted or an unsaturated 
free radical-curing group; 

rMs hydrogen or a Ci^ hydrocarbon radical; R^ is a hydrolyzd)le group; X is oxygen or 
— N — 

R is H or C1.12 hydrocarbyl group; and 
b) a polymer having the structure formula: 

R* 

I I 
OH— Si-wA-wSi— OH 

R« k^ 

CD) 

.wherein A is a backbone selected fiom the group consisting of organic and siloxane 
backbones, and R* is CH3 or H. 

[0010] Furlh^ provided is a ciurable composition having the reaction product of 

a) a compound having the structural formula: 

O R* 

R— C— X— C>-Si(R2)3 

^ (D 

wherein Ris a C1.20 alkyl which may be substituted or unsubstituted or an unsaturated free 
radical-curing group; 

R*is hydrogen or ai Ci^ hydrocarbon radical; R^ is a hydrolyzable group; X is oxygen or 
— N — 

b , 

; R^ is H or Cun hydrocarbyl group;and 



4 



wo 2004/037868 



PCT/US2003/032537 



b) a polymer having tiie structure foimula: 

R* R* 

OH— Si^v A^Si— OH 
R** h 

wherein A is a backbone selected jfrom the group consisting of organic and siloxane 
backbones, and is CH3 or H. 

[0011] Furthsramore, in another aspect of the invention there is provided a method of 

preparing a curable composition including the step of combining: 

a) a compound having tibe structural formula: 

O R* 

II I . 

R— C— X— C— Si(R2)3 

^ (0 

wherein R is a C1.20 alkyl which may be substituted or unsubstituted or an unsaturated free 
radical-Cluing group; 

r4s hydrogen or a Ci^ hydrocarbon radical; is a hydrolyzable group; X is oxygen, 
— N — 

; R is H or C1.12 hydrocafbyl group; and 

b) a polymer having the structure formula: 

R^ 
I I 
OH— SiwA-^vSi— OH 

i« h - 

OD 
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wherein A is a backbone selected from the group consisting of organic and siloxane 
backbones, and is CH3 or H. 



DETAILED DESCRIPTION OF THE INVENTION 

[0012] In one aspect of tiie invention, a ctirable composition is provided having a silane 

c^per compound of the formula: 

O 

R— C— X— C— Si(R2)3 

^ a) 

wherein R is a C1.20 alkyl which may be substituted or unsubstituted or an unsaturated free 
radical-curing group; 

R*is hydrogen or a Ci^ hydrocarbon radical; is a hydrolyzable group; X is oxygen or 
— N — 
h 3 

; R is H or Ci-n hydiocarbyl group; and 
a silanol-tominated polymer having Ihe structure: 

R* R« 
OH— Si/^A^ii— OH 

(ED 

wherein A is a backbone selected from the group consisting of organic and siloxane 
backbones, and R^ is CH3 or H. 



(0013] In a desired embodiment, R^ is selected from the group consisting of 

C C \ 

V II .C>=NO 

R'— CO — R"CO — R'"^ (R)2""N , R^O 

, , , ana 
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wherein R', R", R" and R"" is H or a monovalent substituted or unsubstltuted Ci^ 
hydrocarbon radical^ and R"* is a C1.2 alkyl group. 



[0014] Li a particularly desired embodiment, R^ is selected from the group consisting of 



O CH2 ^^^^ 



^C=NO — 



CH3CO — CH3CO — H3C (CH3)2N — . R-*0 

, , , ana 

wherein R"^ is a C1.2 alkyl groiq>. 



[0015] In a particularly desired embodiment, R^ is an alkoxy group having the formula 

wherein R"* is a C1.2 alkyl group. 



R^^O 



[0016] In another desired embodiment, R is a C1.20 alkyl or C2.20 alkenyl either of \^^ch 

may be substituted or unsubstituted. 

[0017] Desirably, both moisture and photo curable groups are present on the silane 

capper of the invention. In this embodiment, the composition includes a silane capper wherein R 
includes an unsaturated free radical-curing group (i.e. a C2.20 alkenyl which may be substituted or 
unsubstltuted), capable of imdergoing free radical cure, such as UV cure, and R^, R^, X, and R^ 
are as described above and structural formula 11 is as described above. 

[0018] In another desired aspect of the invention, a moisture curable composition is 

provided wherein the silane capper exclusively includes moisture curable groups. In this 
embodiment, the composition includes structural formula I wherein R is a C1.20 alkyl which may 
be substituted or imsubstituted, R\ R^, X, and R^ are as described above, and structural formula 
n is as described above. 



[0019] Regardless of whether the final composition is curable by UV, moisture or both, 

the most desirable silane capper has tihe general formula m 



7 



wo 2004/037868 



PCT/US2003/032537 



O 



R— C— X— C— Si(OR'')3 

*^ on) 



\)(iierein R, R\ R^ and are as described above. 



[0020] Among capper compovinds of the general formula III set ovit broadly hereinabove, 

a preferred class of such compoimds includes those in which the alkoxyfimctional silane contains 
a carboxyl group. Th^efore, X is desirably O. Thus a preferred class of compounds are of the 
formula: 



O R* 
R— i:— O-C— Si(OR^ 

^ (IV) 



wherein R and R are as defined above. 



[0021] In a particularly desired preferred embodiment, a photo/moisture curable 

composition is provided which includes a polymer according to structural formula II and an 



=c 

R^ ^7 

alkoxysilane according to structural formula rV wherein R is , (V) 

and R^, R^ and R^ are independently selected firom hydrogen, halogen and organo 
radicals, and R^ and R^ are as described above. 

[0022] In a particularly desired embodiment, the structure of the silane capper used in the 

photo/moisture curing composition is an alkoxysilane of formula IV wherein R is structural 
formula V and R^ and R^ are H and R^ is CH3. Hence, a particularly desired embodiment of the 
silane capper is that of structural formula VI below: 
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O OMe 
II I 
CH^=C— C— O— CH2— Si— OMe 

CH3 OMe 
(VI) 

[0023] In yet, another desirable embodiment, the structure of the ca{)per used in the • 

curing composition of tiie inv^tion is an alkoxysilane of structural formula IV wherein R is a 
methyl group and R' and R* are as described above. Thus, in this embodiment the desired 
structure is of structural formula VII below. 

O R* 
CH3— C— O— C— Si(OR'*)3 

(vn) 

[0024] The synthesis of the silane cappers described above may be prepared by any 

deskable method knowa m tiie art. For example, the synthesis of an acryloxy-functional 
alkoxysilane such as that of structural formulas VI may prepared by using the following reaction 
step: 

(a) reacting (i) a (meth)acrylic acid compound of the formula: 

R\ II 

C=C— C— OH 

(vm) 

wherein R^, R^ and R^ are independently selected from hydrogen, halo and organo 
radical^ with (ja) a chlorosilane compound of tiie formula: 



OR* 

CI— CH2— Si— OR"* 
(!)R* 

(DO 
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In another embodiment, the proton in stmctural formula VII may be replaced with Na**" or 
K*" and reacted with structural fomiula EX. 

[0025] In carrying out the reaction of the (meth)acrylic acid compounds with the 

chlorosilane compoimds, it is generally advantageous to use a base such as triethylamine under 
refluxing xylene or dimethylformamide to function as a hydrogen chloride acceptor, thereby 
removing the hydrogen chloride fomied in the reaction. In some instances, it may be feasible to 
remove the hydrogen chloride by-product by sparging the reaction mixture with nitrogen, 
whereby tbe passage of nitrogen throughout the mixture removes tiie hydrogen chloride. 
Additionally, acrylate polymerization inhibitor such as hydroquinone (HQ) may also optionally 
be added to the mixture. 

— N — 

[0026] In an alternative embodiment, where X in structural formula I is 

wherein is H or a Ci.ia hydrocarbon radical, structural formula I may be formed by 
reacting amino methyltrialkoxysilane with methacryl chloride. 

[0027] The reaction may be carried out at any suitable temperature; generally, 

temperatures on the order of from about 25 °C to about ISO^C are usefully employed and 
preferably from about 100**C to 140^ most preferably at about 120**C. The time required to 
carry out the reaction may be readily determined for a given reaction system by simple analytical 
tests without undue experimentation, and the reaction time may be varied as necessary or 
desirable in a given application. By way of example, the reaction may be carried out in 
approximately 2-3 hours. After the reaction has been carried out, the reaction mixture may 
optionally be subjected to vacuxmi stripping or other suitable treatment for the removal of 
residual acrylic acid from the reaction mixture to the extent desired. 
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[0028] Similarly, an alkoxysilane capper of the invention containing an acetoxy 

functional groiq) may be prepared by reacting acetic acid with structure DC to yield a reaction 
product such as that of structure Vn where is H. 

[0029] The silanol-tenninated polymer of structural formula n can be virtually any useful 

silanol-tenninated material. The silanol-tenninated polymer as described above has the general 
formula 

R*' 
I I 
OH— Si^^A^Si— OH 

R^ ic" 

(H) 



wherein A represents a polymer or copolymer backbone. The backbone can be any number of 
combinations of polyurethane, silicone, polyamide, polyether and the like. Desirably, A is an 
organic or a siloxane backbone. More desirably, A is a siloxane. 



[0030] An example of one such silanol-terminated polymer is polydimethylsiloxane 

having the formula: 



CH3 

I 



HO — Si- 



CH3 



CH3 
I 

O — Si— 



CH3 



-OH 



(X) 



[0031] The number of repeating units will determine the molecular weight and hence the 

viscosity of this starting material. Thus, n can be, for example, an integer which, for example, 
can be from about 1 to about 1,200, desirably from about 10 to about 1,000. The viscosity of 
these materials is not critical and can easily be chosen to fit a particular product application, 
particularly because the hydrolyzable terminated end product of this reaction will have 
substantially the same viscosity as the silanol-terminated reactant Viscosities of these silanol- 
terminated polymer backbone can range from about 1 cps to about 150,000 cps (Brookfield, 
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2S^C). Desirably, the silanoMenninated polymer backbone used in the present invention is from 
about SO to about 1 50,000 cps. Useful silanol terminated polymers include tbose from about 
SOcps silanol-terminated polydimethylsiloxane, to about 150,000 cps silanol-terminated 
polydimethylsiloxane and combinations thereof. 

[0032] The invention also provides a curable composition including Uxo reaction product 

of a silane capper as described above with the polymer of structural formula 11 also as described 
above. The reaction of structure I and II, due to the carbon diradical linkage between the silicon 
in the capper and the-X-CO-R group enables a favorable hypervalent silicon transition state 
during the capping reaction resulting in fast nucleophilic substitution on silicon. 

[0033] Desirably, this reaction product cures in less than about 20 minutes. More 

desirably the reaction product cures in less than about 1 5 minutes. Even more desirably, the 
reaction product cures between about 3 minutes and about 14 minutes. Yet, even more desirably, 
the reaction product cures in about 5 minutes. 

[0034] The determination that the reaction product is cured is measured by examining the 

skin over time. As used herein, "skin over time** refers to the time it takes for a spatula to no 
longer pick up liquid upon contact with a reaction product. 

[0035] The reaction of structure I and structure II of the present invention is desirably 

performed in the presence of a catalyst. Desirable catalysts include organo-lithium reagents, 
which are represented by the formula LiR*^ wherein the organo group R^^ is selected from the 
groiip consisting of Ci-w alkyl. Cms aryl, Ci-ig alkylaryl. Cms arylalkyl, C2.18 alkenyl, C2.18 
alkynyl, amine*containing compounds, as well as organosilicon-containing compounds. R'^ can 
have from 1 to 18 carbon atoms in the chain (Ci.is). These reagents provide enhanced 
processing and improved quality of product made therefrom 

[0036] The organo-lithium catalyst is preferably an alkyl hthium such as methyl, n-butyl, 

sec-butyl, t-butyl, n-hexyl, 2-ethylhexyl butyl and n-octyl butyl litiiiimi. A particularly desirable 
catalyst is N-butyUithium in hexane (such as at 1 .6 Molar concentration). Other useful catalysts 
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include phenyl lithium^ vinyl lithium, lithium phenylacetylide, lithium (tiimethylsilyl) acetylide, 
lithium silanolates and lithimn siloxanolates. The organo group can also be an amine-containing 
compound, such as dimethylamide, diethylamide, diisopropylamide or dicyclohexylamide, or a 
silicon-contaming compomid. (See, for example US Pat Nos. 5,300,608 (Chu); 5,663,269 (Chu) 
and 6,140,444 (Chu)). 

[0037] The organo-lithium reagents are used in catalytically effective amounts. 

Generally, the catalytically effective amount of an organo-lithium catalyst will vary with the 
specific catalyst and reactant materials, but about 1 to 1000 ppm based on the atomic weight of 
litbiimi are useful. A more preferred range is 5-250 ppm. Removal of the residual organo- 
lithium catalyst can be optionally accomplished through filtration. 

[0038] Other catalysts useful in, but less desirable, in preparing the reactive silicones 

include organometallic catalysts such as titanates and organo tin catalysts known in the art. 

[00391 The reactive silicone compositions of the invention may further include a curing 

system. A curing system includes but is not limited to catalysts or other reagents which act to 
accelerate or otherwise promote the curing of the composition of the inventioiL 

[0040] When moisture curing is desirable, the catalysts which may be mcluded in the 

curing system of the invention include, but are not limited to, tin IV salts of carboxylic acids, 
such as dibutyltin dilaurate, organotitanium compounds such as tetrabutyl titanate, and partially 
chelated derivatives of these salts with chelating agents such as acetoacetic acid esters and beta- 
diketones and amines. Desirably, tetraisopropyltitanate, dibutyltin dilaurate and 
tetramethylguandine at levels of O.OS-0.5% are used. 

[0041] Where photo curing is desirable, any known radical photoinitiators can be 

included in the compositions of the invention. Photoinitiators enhance the rapidity of the curing 
process when the photocurable compositions as a whole are exposed to electromagnetic 
radiation. Examples of suitable photointiators for use herein include, but are not limited to, 
photoinitiators available commercially from Ciba Specialty Chemicals, Tarrytown, New York 
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under the "IRGACURE" and "DAROCUR" tradenames, specifically "IRGACURE" 1 84 (1- 
hydroxycyclohexyl phenyl ketone), 907 (2-^methyH-[4-(methyIthio)phenyl]-2-moipholino 
propan-l-one), 369 (2*benzyl-2*N,N-^imethylamino-l-(4-moipholinophenyl>l-b^ 500 
(the combination of 1 -hydroxy cyclohexyl phenyl ketone and benzophenone), 651 (2,2- 
dime11ioxy-2-phenyl acetophenone), 1700 (the combmation of bis(2,6-dimethoxybenzoyl-2,4,4- 
trimethyl pentyl) phosphine oxide and 2-hydroxy-2-methyH-phenyl-propan-l-one), and 819 
[bis(2,4,6-trimethyl benzoyl) phenyl phosphine oxide] and "DAROCUR" 1 173 (2-hydroxy-2- 
methyl-l-phenyl-l -propane) and 4265 (the combination of 2,4,6-tiimethylbenzoyldiphenyl- 
phosphine oxide and 2-hydroxy-2-methyH-phenyl-propan-l-one); and the visible light [blue] 
photoinitiators, dl-camphorquinone and *'IRGACURE" 784DC. Of course, combinations of 
these materials may also be employed herein. 

[0042] Other photoinitiators useful herein include alkyl pyravates, sudi as methyl, ethyl, 

propyl, and butyl pyruvates, and aryl pyruvates, such as phenyl, benzyl, and appropriately 
substituted derivatives thereof. 

[0043] Photoinitiators particularly well-suited for use herein include ultraviolet 

photoinitiators, such as 2,2-dimethoxy-2-phenyl acetophenone (e,p„ "IRGACURE" 651), and 2- 
hydroxy-2-me1hyl-l-phenyl-l-propane (e.g,. "DAROCUR" 1173), diethoxyacetophenone, 
bis(2,4,6-trimethyl benzoyl) phenyl phosphine oxide (e£^ "IRGACURE" 819), and the 
ultraviolet/visible photoinitiator combination of bis(2,6-dimethoxybenzoyl-2,4,4- 
trimethylpentyl) phosphine oxide and 2-hydroxy-2-methyH-phenyl-propan-l-one (e>g., 
"IRGACURE" 1700), as well as the visible photoinitiator bis(Ti^-2,4-cyclopentadien-l-yl)- 
bis[2,6-difluoro-3-(lH-pyrrol-l-yl)phenyl]titanium (e^, "IRGACURE" 784DC). 

[0044] The amount of photoinitiator used in the composition will typically be in the 

range of between about 0.1% and 5% of the composition. Depending on the characteristics of 
the particular photoinitiator, however, amounts outside of this range may be employed without 
departing from the invention so long as they perfomi the function of rapidly and efficiently 
initiating polymerization. In particular, higher percentages may be required if silicone bound 
photoinitiators are used with high equivalent weight per photoinitiating group. 
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[0045] The inventive compositions may also contain other additives so long as they do 

not interfere with the curing mechanisms. The curable silicone compositions of the present 
invention can be mixed with or include otiier conventional additives such as viscosity modifiers 
such as trimefhyl(silyl) termmated polydunethyl silicone, initiators, promoters, pigments, fillers, 
moisture scavengers and the like to form a one-part curable composition. Particularly useful 
fillers include fimied silica, silane treated, calciiim carbonate, calcium carbonate (hydrophobic) 
and combinations thereof. Desirable pigments additives include carbon black. Moisture 
scavengers such as metiiyltrimethoxysilane and vinyltrimethyloxysilane are usefiil. 

[0046] Other particularly useful additives include hexamethyldisilazane, 

vinyltrimethoxysilane, aminopropyltriethoxysilane and combinations thereof. Desirably, 
adhesion promoters include, but are not limited to, such as glycidoxypropyltrimethoxysilane, 
aminopropyltrimethoxysilane, methacryloxypropyltrimethoxy-silane, triallyl-S-tria-rf^ 
23,6(lH.3H.5H)-trione aminoethylaminopropyltrimetiioxysilane and others known to those 
skilled in the art Fillers such as silica, microballoon glass and the like are useful for their 
conventional purposes. 

[0047] The invention also provides a method of preparing a curable composition 

including tiie steps of reacting a silane capper according to structural formula I as described 
above witii structural formula n. In this aspect of the invention, structural fomiula II may be 
devolitized under vacuum for an appropriate time period as is known in the art, generally 1-2 
hours. The devolitization occurs at elevated temperatures, typically between SO^'C to ISC^C, 
more desirably between lOO^C and 1 lO^C. After coolmg tiie silanol of structural fomiula II to 
between about room temperature to about 90°C, and more preferably from about room 
temperature to TS'^C, the silane capp^ is added to the silanol. 

[0048] Deskably, a catalyst is used to increase tiie rate of capping. Desired catalysts 

include flie organic lithium catalysts described above. Desirably, N-butyllitiiium in hexane (1 .6 
M) is used. Endcapping under these conditions occurs immediately. 
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[0049] Although the silane capper of flie mventioB and structural fotmula n may be 

utilized in any suitable proportions relative to one another consistent with the number of alcohol- 
reactive functional groups on structure U, it generally is preferred to utilize relative amounts of 
flie inventive capper and structure II providing up to about 1 ,5 or more equivalents of silane for 
reaction with the silane of stracture H, and desirably the equivalents ratio of silane to alcohol- 
reactive functionality is from about 1 .0 to 1 .2. 

[0050] The method also provides a curing system as described above. Desired catalyst 

for use in moisture curing include but are not limited to tetraisopropyltitanate, dibutyltin 
dilaumte and tetramethylguandine as well as photoinitiators including those described herein 
above. Fillers or reinforcing materials, adhesion promoters^ anti-oxidants, flame retardants and 
pigments^ etc may also optionally be provided in the method of tiie invention. 

EXAMPLES 

Example 1: Preparation of methacryloi^^ethyltrimethoxysilane inventive capper* 
(Structural Formula VI) 

[0051] A 500 ml three neck round bottom flask equipped with a mechanical stirrer and 

condenser were charged with 21 .6 g sodium methacrylate, 40 ml dimethylformamide (DMF) and 
0.04 grams of aaylate polymerization inhibitor, hydroquinone (HQ) and 34.20 g of 
chloromethyltrimethoxysilane. The mixture was heated under a closed system to 120°C for 2.5 
hours. After cooling to room temperature, the mixture was vacuum filtered and the DMF 
distilled under vacuum at 40''C - 45°C. The crude reaction product was further vacuum 
fi-actionated to yield 24.54 g of the capper (56% yield). Capper VII was sunilarly prepared using 
sodium acetate and chloromethyltrimetfaoxysilane. 

Example 2: Preparation of inventive Polymer A and C. 

[0052] Inventivepolymer A was prepared by charging lOOOgof aTSOcpsofhydroxyl- 

terminated polydimethylsiloxane into a 2 liter three neck round bottom flask and devolitizing the 
fluid under vacuum at 105*^0 for one hour. The silanol was cooled to 75^*0 and 40.29 g of 
capper (stractural formula VI) prepared according to Example 1 was added to the silanol along 
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wifli 1 ml of N-butyllifhium in hexane (1 .6 Molar). :^dc£^ping occurred immediately as 
evidenced by transformation of the clear silanol fluid into a cloudy mixture due to rapid boiling 
of the liberated methanol in silicone. The mixture was vacuum stripped with stirring at 7S^C. 20 
g of Polymer A was then used to assess skin over time. Polymer C was similarly prepared, but 
using capper VU instead. 



Example 3. Comparison of inventive polymer A with a Comparative polymer B. 
[0053J Comparative poljoner B is of identical composition to inventive polymer A except 

that the comparative capped polymers contain a propyl rather a methyl linkage to flie silicon. 
Methylacryloxypropyl dimethoxysiloxy-terminated PDMS was used as comparative polymer B. 
Polymer C was prepared similarly as in Example 2 using methacryloxy. propyl trimethoxy silane 
instead of methacryloxy methyl trimethoxy silane. Comparison of skin over times for inventive 
polymer A and comparative polymer B after addition of catalyst (tetraisopropyltitanate, TIPT) 
are shown in Table 1. TIPT was prepared by mixing 0.1 g TIPT with 5 g of methyl-temiinated 
poly(dimediylsiloxane) befordits addition to the polymers. 



Table 1: Skin over time (SOT) 
Polymer A Comparative Polymer B 

0.1% TIPT 40min. > 24 hours 

0.2% TIPT 24 min. overnight 
0.5% TIPT 12 min. 2.5-3 hours 



[0054] As is evident from Table 1, moisture curing using the reaction product of die 

composition of the invention results in a much faster cure in comparison to compositions 
prepared from a silane having a propenyl Unkage rather than a methyl linkage linked to the 
silicon. 
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Example 4. SIdn over time of inventive polymer A in the presence of catalyst and 
photoinitiaton 

[0055] 23 g of inventive composition A was added to (Mel^C==NH in a closed vial. 

The skin over time was 3 minutes when 0.2% (tetrametfaylguanidine) TMG was added to the 
mixture. When 1% photoinitiator, diethylacetophenone (DEAP) was also added, the moisture 
cure slowed to about 10 to 15 minutes. The formulation cured to silicone rubber when irradiated 
with a medium pressure mercury lamp with an intensity of 70 mW/cm^ for 30 seconds. 



£xample 5: Skin over time for inventive polymer C: comparison of catalysts and 
photoinitiaton 

[0056] The effect of different catalysts on skin over time of the inventive composition C 

was compared as shown in Table 2. Inventive composition C is an 

acetoxymefliyltrimethoxysilane capped polydimethylsiloxane. The use of catalysts TIPT and 
TMG resulted in similar rates of skin over time. As shown in Table 2, the addition of 
photoinitiator, diethylacetophenone (DEAP) increased the rate of skin over time when used with 
the catalyst TIPT. The effect on skin over time is not effected when DEAP is used with TMG. 



Curing agent 
0.1% TMG 
0.2% TMG 

0.1% TMG, 1%DEAP 
0.3% TBPT, 1% DEAP 



TABLE 2 
Composition C 



Skin over time 
5min. 
2min. 
5min. 
> 10 min. 



[0057J Examples 1-5 show that when the silane cappers used in the compositions have a 

methyl rather flian a propyl linkage to the silane, faster curing in the presence of a moisture 
catalyst occurred, as measured by skin over time. Additionally, endcapping of the silanol 
occurred immediately upon addition of lithium catalyst 
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[0058] The examples also leveal fhat particular catalysts, such as TTPT, will increase flie 

curing tune when used with the photoinitiator, DEAP, The catalyst, TMG, however, is not 
effected by PEAP and skin over time was 5 minutes. 
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WHAT IS CLAIMED IS ; 

1 . A composition comprising: 

a) a compound having Ihe structural formula: 

O 

II I , 
R— C— X— C— Si(R2)3 

^ (0 

wherein R is a C1.20 aSkyl vMch may be substituted or unsubstituted or an unsaturated fiee 
radical-curing group; 

R*is hydrogen or a Ci^ hydrocaibon radical; R^ is a hydrolyzable group; X is oxygen, 
— N — 

; R is H or C1.12 hydrocarb^ groi^; and 

b) a polymer having the structure formula: 

R* R* 
OH— ii^vA'^^^Si— OH 

m 

wherein A is a backbone selected from the group consisting of organic and siloxane 
backbones, and is CH3 or R 

2. The composition according to claim 1, wherein said cvirable composition is a dual cure 
photo/moisture curable composition* 

3. The composition according to claim 2 wherein R is alkenyl, vMch may be substituted or 
imsubstituted. 



20 



wo 2004/037868 PCT/US2003/032537 

4. The compositioii according to claim 1, wherein said curable composition is a moisture 
curable composition. 

5. The composition according to claim 4 vsdierein R is a C1.20 alkyl which may be 
substituted or unsubstituted. 

6. The composition according to claim 4 wherein R is a methyl group. 

7. The composition according to claim 1, wherein X is O. 



8. The composition according to claim 1 wherein R^ is an alkoxy group having the formula 

wherein R^ is a Cj.2 alkyl group. 

9. The composition according to claim 1 wherein R is , and R^ R^ and R^ 
are independently selected from hydrogen, halogen and organo radicals. 

10. The composition according to claim 1, wherein R is CH3, X is O, R^ is OR^ R* is a C1-2 
alkyl group rHs hydrogen or a C|-6 hydrocarbyl radical. 

1 1 . The composition of claim 1 , further comprising a cure system. 

12. The composition of claim 1 1, -wbeK the cure system includes a catalyst selected ftom the 
group consisting of tetraisopropyltitanate, dibutyltin dilaurate and tetramethylguanidine. 

13. The composition of claim 12 wherein the cure system further includes a photoinitiator 
selected from the group consisting of l-hydroxycyclohexyl phenyl ketone, 2-methyl-l-[4- 
(mediy]thio)phenyll]-2-morpholino propan-l-o^ne, 2-ben2yl-2-N,N-dimethylamino-l-(4- 
morpholinophenyI)-l-butanone, the combination of l-hydroxy cyclohexyl phenyl ketone and 
benzophenone, 2,2-dimethoxy-2-phenyl acetophenone, the combination of bis(2,6- 
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dimefhoxybenzoyl-2A4-trimefhyl pentyl) phosphine oxide and 2*hydroxy-2-methyl-l-phrayl- 
propan-l-one, and [bis (2,4,6-trimethyl benzoyl) phenyl phosphine oxide], 2-hydroxy-2-methyl- 
1-phenyl-l-propan-l-one, the combination of 2A6-trimefhylbenzoyldiphenyl-pho^hine oxide 
and 2-hydroxy-2-methyl-l-phenyl-propan-l-one, dl-camphorquinone, alkyl pyruvates, 2,2- 
dimethoxy-2-phenyl acetophenone, 2-hydroxy-2-methyH-phenyl-l -propane, bis(2,4,6-trimethyl 
benzoyl) phenyl phosphine oxide, bis(2,6-dimethoxybenzoyl-2,4,4-trimethylpentyl) phosphine 
oxide, 2-hydroxy-2-methyH -phenyl-propan-1 -one, bis(n^-2,4-cyclopentadien- 1 -yl)-bis[2,6- 
difluoro-3-(lH-pyn:oH-yI)phenyl]titanium, diethoxyacetophenone and combinations thereof. 

14. The composition of claim 1 wherein A is a siloxane. 

15^ The composition of claim 1 wherein fomiula l and formula 11 are present in amounts such 
that the resulting ratio of said hydrolyzable groups of formula I to said OH groups of formula n 
is 1.2. 



16. A curable composition comprising the reaction product of 
a) a compoimd having the structural formula: 

O 

II I 5 

R— C— X— C— Si(R^)3 



(I) 



wherein R is a C1.20 alkyl which may be substituted or unsubstituted or an unsaturated free 
radical-curing group; 

R'is hydrogen or a Ci^ hydrocarbyl radical; is a hydrolyzable group; X is oxygen, 
— N — 

3 

; R is H or C1.12 hydrocarbyl group;and 



b) a polymer having the structure formula: 
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(H) 



wherein A is a backbone selected from the group consisting of organic and siloxane 
backbones, and is CH3 or H. 

1 7. The curable composition of claim 1 6 wherein said reaction product has a skin over time 
of about IS minutes or less. 

18. The curable composition of claim 17 wherein said skin over time is about S minutes or 
less. 

19. A method of preparing a curable composition comprising the step of combining: 
a) a compound having the structural formula: 



wherein R is a Ci-20 alkyl which may be substituted or unsubstituted or an unsaturated free 
radical-curing group; 

R^is hydrogen or a Ci-e hydrocarbon radical; R^ is a hydrolyzable group; X is OTiygen, 




00 



N — 



; R^ is H or Cun hydrocarbyl group; and 



b) 



a polymer having the structure formula: 
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I I 

OH— StwA^Si— OH 



v^erein A is a backbone selected fix>m the group consisting of oiganic and siloxane 
backbones, and R' is CH3 or H. 



20. The method of claim 19, further including the step of incorpoirating a curing system. 
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